Background: The prevalence of depressive affect is not well defined in the incident hemodialysis (HD) population. We investigated the prevalence of and associated risk factors and hospitalization rates for depressive affect in incident HD patients.
Introduction
Clinical depression and symptoms of depressive affect are common in hemodialysis (HD) patients but have not been well characterized in the incident HD population early after initiation of dialysis and through the incident period [1] [2] [3] [4] [5] [6] . In the incident HD population, the prevalence of depressive affect with or without a diagnosis of depression has been reported to be between 8.9% and 45% within 1 -120 days after initiation of dialysis [1] [2] [3] [4] [5] [6] . In comparison, in the general population depressive affect with or without a diagnosis of depression has been reported to have a prevalence of 2-10% [7] ; the depressive affect prevalence in the prevalent dialysis population with or without a diagnosis of depression has been documented to be between 20% and 55% [4, [8] [9] [10] .
Identification of depressive affect does not discretely diagnose clinical depression but does indicate a high probability of any depressive disorder without a precise degree of severity. Clinical depression must be diagnosed by a physician through medical assessment of the patient's psychological status and clinical symptoms of depressive affect. In the end-stage renal disease (ESRD) population, depressive affect has been assessed using several survey methods that include the Patient Health Questionnaires [4, 11] , Beck Depression Inventory (BDI) [11, 12] , Center for Epidemiologic Studies Depression Screening Index [13] , Hospital Anxiety and Depression Scale [14] and the two questions associated with depressive symptoms within the 36-Item Short Form Health Survey (SF-36) [3, 15] .
Depressive affect with or without a diagnosis of depression has been observed in incident dialysis patients to be linked to increases in withdrawing from HD in the first 3 months of treatment [3] , as well as increases in risk for mortality in the first year of dialysis [3, 16, 17] . It has been identified in prevalent dialysis patients that depressive affect is associated with risks of decreases in quality of life and increases in morbidities, cardiovascular events, hospitalizations and mortality [9, [18] [19] [20] . In a recent large observational study of incident HD patients within 120 days after starting dialysis, depressive affect was found to be associated with increased rates of hospital admissions and hospital days [1] .
The aims of this study were to characterize the prevalence of depressive affect early after the initiation of dialysis and at the end of the incident period, determine the risk factors for depressive affect and investigate hospitalization rates related to depressive affect in incident HD patients.
Materials and methods
This study was a prospective investigation performed at 108 outpatient HD centers in the USA and conducted as a component of the Fresenius Medical Care North America (FMCNA) RightStart program [21] . From January to July 2013, 577 patients within 1-30 days after initiation of HD and 543 patients at 121-150 days after initiating HD were contacted by telephone for depressive affect screening. Upon determination of a positive depressive affect screening score, the patient's clinical care staff was notified for further assessment and/or intervention.
For this investigation, depressive affect was assessed by telephone using the Patient Health Questionnaire 2 (PHQ2). Survey operators were trained in survey processes, observed during training and provided with written training materials. The PHQ2 surveys were administered to patients in either English or Spanish by bilingual survey operators depending on the patient's native language; non-English-or non-Spanish-speaking patients were excluded. The PHQ2 is a two-question assessment that can screen patients for the presence of depressed mood and anhedonia occurring during the previous 2 weeks [22, 23] . The questions of the PHQ2 are as follows: 'Over the last 2 weeks, how often have you been bothered by any of the following problems?' (i) 'Little interest or pleasure in doing things' and (ii) 'Feeling down, depressed, or hopeless'. Each question of the PHQ2 has four possible responses with scores ranging from 0 to 3 and include (i) 'Not at all' (score ¼ 0), (ii) 'Several days' (score ¼ 1), (iii) 'More than half the days' (score ¼ 2) and (iv) 'Nearly every day' (score ¼ 3). The overall scoring for the PHQ2 test ranges from 0 to 6; scores !3 are suggestive of depressive affect occurring during the prior 2 weeks [22] . PHQ2 scores of !3 have a 75% probability of identifying the presence of 'any depressive disorder' in the prior 2 weeks but only a 38% probability of a 'major depressive disorder' [22] .
The PHQ2 has been validated and shown to be effective in screening for depressive affect in primary care, hospital outpatient and coronary heart disease patients [22] [23] [24] . The PHQ2 test has not been validated specifically in the dialysis population; however, it has been used to screen for depressive affect in incident dialysis patients [4] and appears to be a simple and effective method to determine the occurrence of depressive affect. Notably, identification of the presence of depressive affect using the PHQ2 cannot determine the discrete magnitude of severity for depressive symptoms, which can be further evaluated by the clinical judgment of the treating physician.
The in-center HD clinics utilized for this study were randomly selected to equally represent each FMCNA division and were distributed across tertiles of quality levels at baseline. FMCNA dialysis clinic quality is determined by UltraScores, which, at the time, were based on levels of albumin, hemoglobin, phosphorous, estimated Kt/V, as well as rates of catheter use and mortality. Small clinics (HD census <50 patients) or those that had limitations in the ability to translate for language barriers were excluded from the study.
All patients who completed a depressive affect screening by PHQ2 during 1-30 days or 121-150 days after initiation of HD were included in the analyses. For this investigation, data for the PHQ2 scores was recorded by telephone survey operators and patient demographics, clinical parameters and rates of hospital admissions and hospital days were captured from patient data available in the FMCNA Knowledge Center Data Warehouse. Depressive affect scores during 1-30 and 121-150 days and hospitalization rates 1-150 days after initiating HD were utilized for comparisons. Additionally, clinical and laboratory parameters were collected up to the first 30 and 150 days of HD.
Analyses included descriptive statistics of patient demographics, clinical characteristics and PHQ2 scores. The mean clinical and demographic parameters in patients assessed for depressive affect at either 1-30 and/or 121-150 days after starting HD were compared using an unpaired Student's t-test for continuous variables and chi-square test for categorical variables. Comparisons in a select group of the same patients screened for depressive affect at both time points were made using a paired Student's t-test for continuous variables and a McNemar test for categorical variables. Associations between depressive affect at the time of assessment and demographic and clinical characteristics were studied using t-tests and chi-square tests. A Poisson regression analysis was utilized for comparisons of rates of hospital admissions and hospital days. Unpaired Student's t-tests were performed for comparison of the prevalence of depressive affect at 1-30 days versus 121-150 days after initiation of HD in patients assessed at one of the time points; paired Student's ttests were used for analyzing comparisons in a select group of the same patients screened for depressive affect at both time points. All analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).
Results
Of the overall population of 1120 incident HD patients who contacted for telephonic depressive affect screening, 340 PHQ2 assessments were completed by 305 unique patients. The overall depressive affect screening response rate was 30.4% and there was a mean of 1.6 calls performed to complete the PHQ2 survey. During 1-30 days after initiation of HD, there were 213 responders to depressive affect screening and at 121-150 days there were 127 responders; there was a 36.9% and 23.4% response rate at 1-30 and 121-150 days, respectively (Supplementary data, Table S1 ). Among patients who were contacted and asked to complete a PHQ2 assessment, 89.4% agreed to perform the screening and 10.6% refused.
The clinical and demographic characteristics of the 270 unique patient responders to the depressive affect screening at one of the two time points are shown in Table 1 . The population of patients responding to depressive affect screening at either 1-30 days or 121-150 days after starting HD was mostly similar in clinical and demographic characteristics, with the exception of more non-Hispanics and higher online clearance (OLC) at the later time point as well as the anticipated changes happening in incident patients, such as increases in albumin, higher log of creatinine, higher percent of interdialytic weight gain (IDWG) and lower catheter utilization rates at 121-150 days after starting HD.
The prevalence of depressive affect was observed to be 20.2% in patients in the first 30 days after initiation of HD and 18.5% at the end of the incident period (121-150 days after initiation of HD); there were no differences between time points (P ¼ 0.7). In a select group of 35 patients who were screened for depressive affect at both time points, the depressive affect prevalence was observed to be lower at 121-150 days (5.7% depressive affect positive) as compared with 1-30 days (20.0% depressive affect positive), albeit non-significant (P ¼ 0.1), as shown in Table 2 .
As detailed in Table 3 , the analysis of risk factors in incident HD patients showed that females have a higher risk for depressive affect 1-30 days after initiation of HD (P ¼ 0.01), but there were no differences between sexes for 121-150 days after starting HD (P ¼ 0.8). Also, there were trending risks for depressive affect in patients with higher BMI 121-150 days after initiating HD (P ¼ 0.054). No other clinical and demographic characteristics were identified to be associated with depressive affect in incident HD patients.
Over the 150-day period after initiation of HD, the hospital admission rate for depressive affect-positive patients at the 1-30 day time point was 2.86 admissions per patient-year (ppy) and for depressive affect-negative patients was 1.32 admissions ppy ( Figure 1 ). Depressive affect-positive patients spent 17.8 days in hospitals ppy and depressive affect-negative patients spent 7.3 days in hospitals ppy (Figure 1) . A Poisson regression model with adjustment for factors commonly associated with hospitalization rates showed significantly higher rate of admission [relative rate (RR) 2.08; P ¼ 0.005; Table 4 ] and hospital days (RR ¼ 1.87; P ¼ 0.005; Table 5 ) in DA positive patients, as compared with depressive affect-negative patients. The outcomes were adjusted for the covariates of age, sex, diabetes, access type, ethnicity, race, body mass index (BMI), albumin, log of creatinine, OLC, predialysis systolic blood pressure (preSBP) and IDWG.
Discussion
This study investigated the prevalence of depressive affect in incident HD patients determined by telephonic PHQ2 assessments during the first month of HD and at the end of the incident period. Our findings identified that depressive affect is common and unchanged throughout the incident period, generally affecting 19-20% of incident HD patients, and is associated with increases in rates of hospital admissions and days consistent with other findings in the incident [1] and prevalent [15] dialysis populations. Female sex was identified to be a risk factor associated with depressive affect occurrence 1-30 days after initiation of HD in this cohort of patients, which is consistent with our previous interim findings [25, 26] and other reports in the literature [13] .
We observed that the prevalence of depressive affect in incident HD patients is high throughout the incident period, with 20.2% of patients screening positive for depressive affect in the first month of HD and 18.5% at the end of the incident period. These findings are very consistent with other reports that identified depressive affect using the mental health domain items in the SF-36; of 6415 US patients during 10-90 days after initiating HD, 20.8% were positive for depressive affect [3] , and in the US Dialysis Outcomes and Practice Patterns Study (DOPPS) cohort, depressive affect was identified in 17.5% of 2562 patients during the first 3 months of HD [15] . Additionally, a previous investigation of depressive affect based on PHQ2 assessment in 585 US patients at 60-90 days after starting HD or peritoneal dialysis found that 12.1-32.8% of patients were positive for depressive affect dependent on employment status [4] .
Contrary to the findings noted above, other reports in the literature have found the prevalence of depressive affect in incident patients utilizing the SF-36 to be at 8.9% in Dutch patients at 90 days after starting dialysis [2] , 41% in US patients at 1-120 days after starting dialysis [1] and 45% in US patients [6] at 60-90 days after starting dialysis. These differences are likely influenced by decreasing rates of catheter use in studies that utilize longer incident periods, as well as differences in geography, cultural habits and treatment patterns between the Dutch and US Poisson regression analysis of rates of hospital admissions in patients who were depressive affect-positive at 1-30 days after initiation of HD. LCL, lower confidence limit; UCL, upper confidence limit.
health care systems, which requires further studies. Notably, the Dutch study did include incident HD and peritoneal dialysis patients, which may be a factor associated with the lower prevalence of depressive affect observed as compared with the US studies. Another report identified that depressive affect determined by assessment with the BDI was present in 44% of patients during the first 10 days after starting dialysis [5] .
Although the observed differences in the prevalence of depressive affect in dialysis patients could be related in part to depressive affect assessment methods, patient geography, dialysis modality, timeframe of the study and cohort size, the findings by Lacson et al. in 2012 and 2014 using the SF-36 in similar large cohorts of HD patients from the same dialysis provider and during concurrent periods during 2006 reveals a 20.2% variance, with depressive affect in 20.8% of 6415 patients at 10-90 days after HD [3] and 41% of 8776 patients at 1-120 days after HD [1] . Overall, the prevalence of depressive affect is very high in incident HD patients and appears to have noteworthy differences in observed prevalence in the literature due to possible selection bias. Based on our findings, the prevalence of depressive affect is not significantly changed from the beginning to the end of the incident HD period and the timing of depressive affect assessment during the incident HD period is not expected to significantly alter the rates of depressive affect in the incident HD population. However, the results of our study were performed in a limited number of patients and need to be further investigated and confirmed. In a subanalysis of a small number of paired patients screened for depressive affect at the initiation of and end of the incident period, the occurrence of depressive affect was found to be reduced from 20.0% in the first month of dialysis to 5.7% at the end of the incident period, albeit non-significant (P ¼ 0.1). While adjustment to HD and patient selection might have contributed to this finding, early identification of depressive affect and subsequent interventions by dialysis care teams could be a factor. In this cohort there was a 26.4% decrease in catheter use from the first 30 days of dialysis to the end of the incident period (P ¼ 0.004), which may be influencing these findings (Table 2 ). In the overall study population, rates of catheter use were similar between patients with and without depressive affect 1-30 days after starting dialysis. At 121-150 days after starting dialysis there were 6.5% fewer patients using a catheter who were positive for depressive affect compared with those with a permanent dialysis access; these findings were not significant (P ¼ 0.48; Table 3 ). Further investigations are warranted to evaluate whether early identification of depressive affect leads to interventions and improved outcomes. Future studies could include analysis of follow-up depressive affect assessments with higher specificity and sensitivity than the PHQ2, physician-based diagnosis of clinical depression and the specific interventions performed, such as pharmaceutical and psychosocial therapies.
Our examination of associations in depressive affect and patient demographics and clinical parameters in this group of incident HD patients identified that females have a higher risk for experiencing depressive affect 1-30 days after starting HD as compared with males; however, we did not observe differences 121-150 days after the start of HD. While we only found sex to be a significant risk factor for depressive affect and BMI to be a trending risk factor at the end of the incident period, other studies have reported that depressive affect is associated with several risk factors, including age [3] , race [5] , lower albumin levels [3] , diabetes and catheter use [27] . In the general population, comprehensive reviews have identified that the presence of diabetes is associated with an up to 2-fold increase in the risk of depression [28] . Conversely, patients in the general population with depression have been shown to exhibit a 10% higher incidence of diabetes [29] . Despite these findings, a recent investigation in HD patients did not find any difference in the prevalence of depressive affect in those with and without the presence of diabetes [30] . Additional studies investigating the risk factors associated with depressive affect in incident HD patients should be performed in an attempt to identify potential predictors of depressive affect in this population.
We found that incident HD patients positive for depressive affect during the first month of dialysis exhibited an $2-fold increase in rates of hospital admissions (RR 2.08; P ¼ 0.005) and hospital days (RR 1.87; P ¼ 0.005); this is consistent with the findings by Lacson et al. [1] in 2014 using a large study cohort of 8776 patients at 1-120 days after HD. These findings further identify that from the initiation of dialysis, depressive affect in the HD population is related to worsened outcomes that could potentially be modifiable through interventions. Whether enhanced early identification of depressive affect and treatment of depressive symptoms in incident HD patients has the potential to improve patient hospitalization outcomes has not been determined. Poisson regression analysis of rates of hospital days in patients who were depressive affect positive at 1-30 days after initiation of HD. LCL, lower confidence limit;
UCL, upper confidence limit.
There is consensus in the literature that improvements are needed in screening for depressive affect and clinical depression in the ESRD population [1, 4, 5, 18, 19, 31] . The striking prevalence of depressive affect observed in incident and prevalent dialysis patients represents a population with notable risk for worsened outcomes that could potentially be improved through treatment of depressive symptoms. Treatment options that have been reported to be associated with improvements in the symptoms of depression in ESRD patients include antidepressant pharmaceuticals [32] , cognitive behavioral therapy [33] , exercise training programs [9] and music therapy [9] . In the US DOPPS cohort, it was shown that antidepressant medications were only prescribed for 38.9% of HD patients with clinical depression diagnosed by a physician and 28.9% of HD patients with depressive affect [13] . It was found in an investigation of 98 HD patients assessed for clinical depression that only 54% of depressed patients identified in the study were diagnosed with the disease previously during routine care and 23% had an antidepressant medication prescribed [18] . Additionally, in a study of 123 incident dialysis patients by Watnick et al. [5] , it was shown that only 16% of patients with depressive affect received an antidepressant treatment. Despite the fact that major improvements in care are apparently needed, the ability to improve clinical outcomes via identification and treatment of depressive affect and clinical depression has not been firmly established in the dialysis population and needs to be elucidated [9] .
This study did have some key limitations that include a potential selection bias secondary to the design that assessed patients at both the 1-30 day and 121-150 day time points; however, this did not yield a notable cohort of patients who repeated the survey at both time points. Additionally, the study included only 305 unique patients and further studies are needed that include larger patient numbers. Another limitation is that patients were assessed using telephone interviews and it has not been determined if this method is as accurate as in-person depression screening methods. Furthermore, this analysis did not assess the impacts of antidepressant use on PHQ2 scores or assess the number of patients identified with depressive affect who might have been prescribed antidepressant therapies by their physicians.
In conclusion, depressive affect is common in incident HD patients and did not change significantly throughout the incident period. Increases in rates of hospital admissions and hospital days are significantly associated with depressive affect in incident HD patients, and this further identifies the imperative need for improved screening and treatment. It is evident that the development of enhanced interventional paradigms for the treatment of depressive affect and clinical depression in dialysis patients will be essential in reducing the worsened outcomes observed in this population.
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